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2000-281443 

Abstract of JP2000281443 

PROBLEM TO BE SOLVED: To a lead-free piezoelectric cer 
amic composition excellent in piezoelectric characteristics by 
including a tungsten bronze-type compound oxide comprising 
Na, Ba, Nb and a specific content of Bi as metal elements. 
SOLUTION: This composition comprises a compound oxide c 
ontaining Na, Ba, Nb and 3-6 wt.% (in terms of metal and bas 
ed on the total weight of the composition) Bi as a principal in 
gredient. In the molar ratio composition formula xNaNb03-y 
BaNb206-zBiNb309 [wherein, (x)+(y)+(z)=1], the composition 
preferably exists in the region surrounded by a quadrangle ha 
ving apexes located at the points A (0.382, 0.560, 0.058), B 
(0.422, 0.520, 0.058), C (0.422, 0.505, 0.073) and D(0.382, 0.5 
45, 0.073). The composition has a crystalline structure where 
almost all Bi are dissolved in crystal grains of ceramics to fo 
rm a solid solution, and has the high Curie temperature of >= 
250 deg.C and low resonance frequency change with tempera 
ture of <=50 ppm/ deg.C. No danger of the vaporization/ diffu 
sion into the air and elution of lead doesn't exist. 
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[M*Bl] Na> Ba, B i 43cktf N b £>&«7C 

3-6 a*% * c t ^^m^-r 

x 

A (0. 3 8 2, 0. 

B (0. 4 2 2, 0. 

C (0. 4 2 2, 0. 

D (0. 3 8 2, 0. 

1 3U4 2 ffi«<DEE«B«fflfi!c«>. 

[BHoBinttKH] 

[0 0 0 1 ] 
[0 0 0 2] 

tl/T, P b T i O a Siflc^ttS P T*t 7 ^ 7 ^ 
X43£tfPb (Z r,_ x T i x ) 0 3 P 

^Ba, S r *«fctf/SfcttC afc£©2 4B©7C*"CB 
IftU&fcflX S5M4. Pb (Sb 1/2 Nb 1/2 ) 0 3 
^Pb (Mg 1/3 Nb 2/3 ) 0 3 &^3J«»^@^ 

£ i±fc fc a*fis 2 nt # fro 

[0 0 0 3] ifi^OB^BB©*® • *BflMISlC#-3 

:fccktf P Z T^-fe^ ^ y £7X7^/8 ^tlttfc. 
[0 0 0 4] 

[»W*t#ftL«k3£-r*»B] L*Utt*«6, ±IBP 

So 

[0 0 0 5] *ifi, ttffl«*(B»*«i§M&**B 

[0 0 0 6] ±12Kffli::B*3SWSnfcfc<D 



[W*H2] ^EJWtfcckSBjfct** xNaNbOg 
-y B aNb 2 O e - z B i Nb 3 O g x + y 

+ z = l) -T?*foLfc£*. x, yfii«z«nfc©#jft 

T SB *B 1 IBBOJEBBBBJ**. 

y z 
5 6 0,0.0 5 8) 
5 2 0, 0. 0 5 8) 
5 0 5, 0. 0 7 3) 
5 4 5, 0. 0 7 3) 

[0 0 0 7] 

imm&MVt~rZ>tzti><D^&] *»l'Na, Ba. 

[0008] *fc % *xn0jEttBBiajftBt4. ^wt 

JCk^jftjatSC*. xNaNb0 3 -yBaNb 2 0 6 ~ 
zBiNb 3 0 9 (ffll, x + y + z = l) T8blfc 
t*» (x, y, z) **jfl[A (0. 3 8 2, 0. 5 6 
0, 0. 0 5 8) , &B (0. 422, 0. 520, 
0. 0 5 8) , (0. 4 2 2, 0. 5 0 5, 0. 0 

7 3) , *D (0. 382, 0. 545, 0. 073) 

[0 0 0 9] £6tC, *55M©EE««S»dt«tt, SB- 

30Zn*T©&JR7C*OCi:"C»t), fflIEBJ*fc:*5^T 
14, B-BBABJ4, WfcV, Cr.Mn.Fe. Co 
*±tf/*fc»4N i"C*SJlt*«F*U^. 
[0 0 10] 

[fp«] *3BWOffi«BBBJ«4W4, Na, Ba, Bi 

ffi©**Bft«t^J«»tT*ffi«BBart«T*o 
T% ^ffi+^B i *&«tJ«rr3~6B»X<D#J*^ 

[0 0 11] ^n^D, *aiJ-iSS^ 2 5 0 < C£Lk 
tlK<. **W»»OB**ft©IB»B*tl 0 0 p pm 
/■CfitT (BIT. *W(iftROB**ft»4B»M-WS 
T) fc/hSV»flE«BBBja&**««"C#*. 
[0 0 12] 2 JKOffiBBBfiJSKIfcO^^itl-J:. 
SjlfljSa&xNaNbOj - yBaNb 2 O e -zBi 
Nb 3 O g (fit, x + y + z = 1) T^bbfci:^ 
H9ElftdHClC«»S (x, y, z) 3 jsS»iSaJ5tH± 
»C*tt*£A (0. 382, 0. 560, 0. 05 
8) , ,&B (0. 422, 0. 520, 0. 058), 
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d£C (0. 422, 0. 505, 0. 073) . AD 
(0. 38 2, 0. 545, 0. 073) SMjftfc"*"* 

[0 0 13] CtlXD. +a"J- »«««Jia<OJ;'5K2 

soicfii±t*<. *s«**©ia«»t*s 5 0pp 
coo 14] seir> ±x<omnmmuitm\z. m-m 

sa*2 5 otu±^ *iH»»©iassft*u opp 

£ CO ffl & £ Jff S fcffi WfiSBffl J5&» i: & Z> . 
[0 0 15] ±»<Bffi««»*flritW4* SSitK 

[0016]. 

[0017] *56 WOlEmffiSffl^tt. N a > B a , 
B i 45 c fc^Nb<D^g7C^^^W"r^>^>^X^>> r n 

So 

[0 0 18] -€-LT> B i Sr^a^^JRftWT 3 - 6 £ 

£#H*b &*-r*. 

[0 0 19] flT> £<£>B i g^^f^Cl^fwJ: 

< * 1 0 0 p pm/t^TlcM^^) - 

[0 0 2 0] ±2>tf>£ 3 K^fi&S't'K^S** B i a 
S3-6IiXibft©lt WABBiI*«3llX* 

[0 0 2 1 ] 6 JKiHStfW:: 

h*-t*b i anwMfcfcD. ta'j-iw 

[0 0 2 2] ±K«»*l::$*£-B:*B i tt. * 

[0 0 2 3] BiT-SlIlfc^yyXr^ 
□ >XSOffiJBK«btt. -iSa, xNaNb0 3 -yBa 
Nb 2 O e - z B i Nb 3 0 9 (fflU x + y+z = 
1) T&b^Lfci^ (x, y, z) ft** HI© 

3jS#»j£H±fc:*5tt*#jfcA (0. 3 8 2, 0. 5 6 
0, 0. 0 5 8) , (0. 422, 0. 520, 

0. 0 5 8) * ,&C (0. '4 2 2, 0. 505, 0. 0 
7 3 ) , J&D ( 0 . 382, 0. 545, 0. 073) 



[0 0 2 4] $e>tC, *3BWflDEE««»IUfi*"r»4. _h 
K«J*fc#V>TfB~-a»£JH (7C*«>*Wll*»C*tt*21 
S c -30 Z n £T£>&Jg7cift) <Z>4>&< tfe 1 « 

:i«U^ ^§g4 3 ^^-^^«o / >^<i: : bi 

Wfe 4*Jc*fifflife»C©»«*{bS: 1 0 p pm/TCSTF 

[0025] *^m<Dj£mmmRf&mz. &<d 

[0 0 2 6] fflfglRW^LT* Na 2 C0 3 , BaCO 
3 , B i 2 O s , Nb 2 0 5 £>&ZSWZ—m&&M<D&it 

ty<D&m^zm7£<Dm&-cm.&i'* 900-110 or 

JKJC^Ufc^, 1150-1 2 8 0t:T2-5« 

[0 0 2 7] Sfc* JR»»*tbTtt«lfi*^Kft«l« 

[0 0 2 8] *»^©EE»a«ffllBK«>H^^>T 
tt, B»»*tt£fc«**&*n*K, Ms, Ca, S 

1 , T a&<h^^iS^mt^S^^^o 
[0 0 2 9] 

RKM] IMMIBtU Na 2 C0 3 , BaCO s . • 
Bi 2 O s , Nb 2 0 5 , V 2 O s , Cr 2 0 3 , Mn 

0 2 , Fe 2 0 3 > Co 3 0 4 ^'NiO^^tfi 
S*&J«**0»l*-tf* 1 2 CSti^^^i "5 IdfF* 
Lfco £0>ig'&«!l£Z rO z #-)V&m^ti#—)VBL)l 

£^ ^T9 0 0-i 1 oot:T3ra(Si^ & 

ZOMWmZ'&V \i-)V7)Vu—)], (PVA) fc£ 
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5 t/cm2 CDJi^TiSg 1 6 mm. 1. 5 mm CO 
115 Or — 1 2 8 0t:c£$SfflT2 — 5J$Pe^j£Lfco 

^{t^JT^oT, m&tpiz^tsttB ill 
[0 0 3 0] ±IE*iiT»fc«»IC«««S^L, 2 

fflUpLT^sffiasrffofc. flu s\tis 



fKttWB^ffft (k t ) , ^ttftp a pK{£& (Q a ) <hJ£ 

[0 0 3 1] Sfc..J»*IK*lRlO*S«**. (f r ) <0 

»S(f r -TC) feSC: f r -TC=Af r / (f r 
[2 Ot:] x 1 0 0) X 1 06 (p pm/TC) *>&JHB 
bfco fcfcU Af r B- 2 0-8 0t:cD|gffl{C^tt^ 
frCD^fbS, f r [2 Ot:] tt2 OICKfittSf r © 

WSfcLTT/DyhU «»0+3.U— ffl* (T c ) £ 

[0 0 3 2] cnS©«***li:2JcE«bfc. 

[0 0 3 3] 

Ml] 
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e33T/e0 


kt(%) 
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Qm 


fi-TC 
(ppm/^C) 


ToC°C) 
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* 1 


0.367 


0.800 


0.033 


2.1 


240 


19 


78 


-314 


395 
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0.400 


0.550 


0.050 


3.2 


533 


17 


95 
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351 


3 A 


0.382 


0.500 


0.058 
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516 


13 


90 
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348 
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0.392 


0.550 


0.059 


3.7 


493 


15 


102 


-18 


340 


5 B 


0.422 


0.520 


0.058 


3.8 


524 


14 


88 


-48 


345 
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0.405 


0,533 


0.062 
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502 


10 


105 


-32 


334 
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0374 


0.560 


0.066 


4.1 


515 


12 


110 


-58 


324 
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0.400 


0.533 


0.067 


4.2 


510 


16 


112 


— 10 


320 
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0.430 


0.504 
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4.3 


503 


13 


115 


-63 


323 


10 


0.397 


0.533 


0.070 


4.4 


525 


15 


120 


+5 


298 


11 D 


0.382 


0.545 


0.073 


4.5 


522 


13 


toi 


+ 10 


2B2 


12 
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0.520 


0.073 


4.6 


583 


15 


104 


+ 12 


290 
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0.422 
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0.073 


4.7 


605 


13 


107 


+48 


288 


14 


0.400 
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0.082 


5.1 


623 


15 


98 


+ 66 


252 


* 15 


0.433 
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0.100 
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98 


+ 127 
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[0035] ^lrt^, Na, B a, B i^tfNbO 

& jgxjst £-&*-r z> ^>^r>^n> xmoim-smk 

i ^^smt 3-6 mm% <Dm&Tsm l r^m i <d$z 
w<Dj£mm&&!&mz. mmmsc (f r -TO #io 

4) o ^W<Dft3L\s^m\Z&Z>£. SOppm/tH 
T> -£t>\Z$t^\.^m\z£Z>£L, 1 0 p pm/ < CJ£TFcD 

-14^b, Kgg^t^^tl^B i ^*ft^3 — 6ii 
%<Dm&lZ&^T\Z. iUS^gcrtU OOP pmOTT* 
^xhlWI^IC, ^r^V-W^m (T c ) #2 5 0T:J£Ui<hig 

[0036] ^m<Dj£mm^mf$.^)T^ un^2 

-1 4\Z^~TXo\Z. B i$^S^3~6Sft%tf)®SB 
K^T, iUCfllft (f r - TC) ©«F**«jl^6iElC 

[0 0 3 7 ] tJHti:i;^«^xNaNbO 
3 -y BaNb 2 O e - zB i Nb 3 O g ({lb, x + 
y + z = l) TStoU&t*. @l^x, y, z (D^Jl/ 
Jt*S3rit»ttLricH^-rK»»^3 C&A (0. 3 8 
2, 0. 560, 0. 058)), 5 0£B 

(0. 422, 0. 520, 0. 058)), U. 
1 1 0&C (0. 422, 0. 505, 0. 07 

3 ) ) , mmn 13 d (o. 382, 0. 54 

5, 0. 0 7 3) fetofltfc'rSBWWA. B, C, DT 



5. 6. 8, 10, 11, 12, 1 3 Cl^l^Tte, Z.0) 
B i ©*^*.wck^Tiil««*^5 0 p pm/tKT 

[0 0 3 8] Um&n 2 — 13^6, B i ttmtfiMM 



(T c ) *«i8TT-&«iRl^»S^t*«toA^. - 

^, ttmmm ( £ 33 T / £ 0 > ^ B 1 ******»rr 

&)3,n&%i (Q B ) tt. B 1****3. 9-5. 1© 
[0 0 3 9] £7c, fglCD?gBJTa*>-?T, HltSt3 

jsE^iflfiEaT^-rraft^A, b, c, Dtf>«tta*rs# 

ft»©««J^©K»#*2, 7, 9, HTHSIfflK 
;U*S»JEL»*»ft«*T?«***^ 5 0 p pm/tJ: 

^Tizaft^A, B, c, D©««rtfcKfi"r<5ck-5lwtt 

[0 0 4 0] m. K»Sf 1 <E>£?t3, B !****« 3 
(K»#f 1TI42. 111%) Ttt, t^S 
Mk (f r -TC) #B»K:*#<feD, ^ffi±W£L 
<&V>. ^7c, B i ttl*^ 6 U% *tt^Sttfi#* 
1 5Tlt (f r -TO *U 0 Oppm/t 

iD jao*zLU-fi« (T c ) «««»lc«T 

t^OT»il<&^. S2i:*tKft#f 16-39 
tt, *l©K»##8*fflV^T, IB— a»3%R©^< 
tfeliS, l8Silti:S«gT0. 0 1-2S 

*x©w*T**s-B-3t»*ois*ss'r, c<z)jte*^ 
e>±^<hbT, «ftXHme*ft& (k 33 ) t^ttMD n pM 
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(f r -TC) t>aSSPU«:V^*^4:Jt»UTrRlJtT#* 

[0 0 4 1] 1 6-24*6, Mn0 2 gsiO» 

*0. 2 — 2. 0aS%^>i5Htc43^T> Mn0 2 ^JO 
g*0. 4HXT*ai««ft«» (k 33 ) <h«tttf) 
n Q pli» (Q m ) *K-^*«t^t*to*S (tt**# 
^20) o uCDKS#^2 0TH MnO z £^JDb& 
H«^£JtttU ttftflttft*££ffi& (k 33 ) *«3 0 

%. hm^k^sc (q b ) *5fgsierRj±"r*ct* 
*}*&* 

[0 0 4 2] Mno 2 ^sns^nsn-r^t, *3.u— a 
« (t c ) liftTi, ttmmm u 33 T /£ 0 > **** 

< ft£ d <h*to**. M n O z 2 11% 

inrrst* *jay-a« (t c ) «2 5 ltsrcffiTT 

[0 0 4 3] j£L Mn0 2 ^SDa^:2. 0M%EU:8s 

iirr* (is^#-^2 4) miWTte^tmm^st: 

\mtZ>h. (f r -TC) tt-l Oppm/ 

<C*£>. +4 2ppm/ , Cmf<^ fi£oT. ^ 

Hi»^«&aaiptt 2 nwL%m$i£~?z> e <h*a* l 

[0 0 4 4] MnO 2 »i^0. 4 — 0. 8fifi%<£> 
igBJC^wr, a««ft (f r -TC) CO^F^rtt, ft* 
b IE \Z&it? Z>Z.h ffit> * <5 o 

[0 0 4 5] a^2 5~2 9TH Mn0 2 (Dtttl 
Q\Z* Cr 2 0 3 , Fe 2 0 3 . CoO. N i CX V 2 

OgSr^snso. 4as%^jnbTt>, iwj^tcmm^M 

(k 33 ) tStt«p D pSiS( (Q B ) *ipJ±"TS 
CI £**}*£<, 

[0 0 4 6] St^fS-^ 30 — 39 Ttt. Mn0 2 > C r 
2 0 3 > Fe 2 O s > CoO, NiO, V 2 O s *6S 

o. 4aa%tufc„ c<&»&k:33v>t, mm.mm&^ 

(k 33 ) &ttttttaKffiR (Q m ) *|r]±T*»* 
**#ir^t*to*4. Kff#f 3 0-3 3i:^t 



*s. ia^#-^ 3 s — 3 9 \z&?mnm<Dttmz 
U tai«^^i» (k 33 ) *r^±-r ^ 

[0 0 4 7] *^W^*5tt5JE««S&»jBfi«lJC*ViT 

*S, ^-M^S(^^<i:feia^§§^» c t :, i3 2 
Si%J^TcDffJ^T^Wr £ E £*«FS 
[0 0 4 8] 

a, Ba, B i 43.fcrW b<0&JH^£^#T5^ 

tflC^T, B i *4BilS"e3-6li^(0S]^ 
#U -K:xNaNb0 3 -yBaNb 2 0 6 -z 
B i N b 3 O g «SU x + y + z = 1) T«fcLfc<h 
WIB— U, y, z) 3&«*©»jftA 
(0. 3 8 2, 0. 5 6 0, 0. 0 5 8) , ,&B (0. 
4 2 2, 0. 5 2 0, 0. 0 5 8) , AC (0. 42 
2, 0. 505, 0. 0 7 3) > j&D ( 0 . 3 8 2, 
0. 545, 0. 073) S:M^i:t"*E3ft^"rH*n 

cmctg— a»£«©4>a: <<tfc it 
x% *«Hi«*<3!)a««fb*/hs<. ^ii-as** 

*«*S<0»J*#©«ffl&^^ 

-5. L^c*oT> ^Jg^W^tt^i^SKih^fRj* 
*6fe*#»:«i**»«fr*ci*T#*. 
[g|ffi<DffiWj:ittK] 

[^(Di»0j] 

A, B, C\ D • • • • W#fl2K«<0#*LV>«« 



